The generation effect is moderated by experimental design, affecting recall in within-subjects designs but typically not in between-subjects designs. However, N. W. Mulligan (2001) found that the generation effect emerged over repeated recall tests in a between-subjects design, calling into question the generality of this limiting condition. In addition, the generate condition but not the read condition produced hypermnesia (increased recall over tests). The present experiments demonstrate that semantic-based (semantic-associate and category-associate) generation tasks produce this pattern of results whereas nonsemantic (letter transposition, rhyme, word fragment) generation tasks do not. Thus, the emergent generation effect appears to be a byproduct of semantic elaboration rather than a direct product of generation. In addition, high-and low-imagery words produced equivalent hypermnesia and emergent generation effects, arguing against a mediating role for imagistic encoding. Finally, there is no evidence of an emergent generation effect for nonwords, another traditional limiting condition of the generation effect.
The generation effect is moderated by experimental design, affecting recall in within-subjects designs but typically not in between-subjects designs. However, N. W. Mulligan (2001) found that the generation effect emerged over repeated recall tests in a between-subjects design, calling into question the generality of this limiting condition. In addition, the generate condition but not the read condition produced hypermnesia (increased recall over tests). The present experiments demonstrate that semantic-based (semantic-associate and category-associate) generation tasks produce this pattern of results whereas nonsemantic (letter transposition, rhyme, word fragment) generation tasks do not. Thus, the emergent generation effect appears to be a byproduct of semantic elaboration rather than a direct product of generation. In addition, high-and low-imagery words produced equivalent hypermnesia and emergent generation effects, arguing against a mediating role for imagistic encoding. Finally, there is no evidence of an emergent generation effect for nonwords, another traditional limiting condition of the generation effect.
Self-generated information is often better remembered than information that is merely perceived, a phenomenon known as the generation effect (Slamecka & Graf, 1978) . In a typical study of this effect, participants generate some study words (e.g., from antonyms) and read others. Later memory is usually better for the generated words than the read words. The generation effect has been observed with a number of generation tasks (e.g., generation from antonyms, semantic associates, rhymes, anagrams, word fragments, second-language translations, definitions), with a variety of materials (e.g., single and compound words, sentences, abbreviations, numbers, pictures), and has been exhibited on a variety of memory tests (e.g., free recall, cued recall, recognition, comprehension; see Greene, 1992; Mulligan, 2001 , for reviews).
Despite the impressive generality of this effect, generation does not always enhance memory. From a theoretical perspective, the most important limiting condition is that of experimental design: When encoding conditions are manipulated between subjects (or within subjects in a pure list design), generation typically does not enhance recall (e.g., Begg & Snider, 1987; Grosofsky, Payne, & Campbell, 1994; Hirshman & Bjork, 1988; Kinoshita, 1989; Slamecka & Katsaiti, 1987; cf. McDaniel, Wadill, & Einstein, 1988) . Another limiting condition of the generation effect is that of materials. The generation effect is typically not obtained with nonwords or other unfamiliar materials, such as unfamiliar word compounds, leading several researchers to argue that the generation effect is only obtained when study stimuli have preexisting semantic and/or lexical representations (e.g., Gardiner, Gregg, & Hampton, 1988; McElroy & Slamecka, 1982; Nairne, Pusen, & Widner, 1985; Payne, Neely, & Burns, 1986; cf. Johns & Swanson, 1988) . The boundary conditions of the generation effect, especially the effects of experimental design, are important because they shape extant theoretical accounts of the effect.
The most successful account of the generation effect is the multifactor account (e.g., deWinstanley & Bjork, 1997; Hirshman & Bjork, 1988 ; R. R. Hunt & McDaniel, 1993; McDaniel et al., 1988; Steffens & Erdfelder, 1998) , an account based on the distinction between item-specific and relational information (R. R. Hunt & McDaniel, 1993) . According to the multifactor view, generation enhances the processing of item-specific features of the target item, those characteristics that differentiate the item from other items in the list and increase item distinctiveness. Consistent with this view, when generation is implemented in either a between-or within-subjects design, it enhances recognition memory, a test particularly sensitive to item-specific encoding (Begg, Snider, Foley, & Goddard, 1989 ; R. R. Hunt & McDaniel, 1993) . If a cue word accompanies the target item at encoding (and if the cue is useful for generating the target; R. R. Hunt & McDaniel, 1993) , the multifactor view proposes that generation also enhances the processing of the cue-target relation, which is particularly important in contributing to generation effects in cued recall (e.g., Hirshman & Bjork, 1988) .
A second type of relational processing (aside from cue-target information) is the processing of intertarget (or list-wide) relational information. This refers to the processing of relationships between target items of different study trials (rather than between a cue and the target item within a study trial). For present purposes, this is the relevant type of relational information and in this article will often simply be called relational processing or encoding.
Free recall of targets relies heavily on this type of relational encoding (in addition to item-specific encoding; e.g., R. R. Hunt & McDaniel, 1993; Steffens & Erdfelder, 1998) . Under the multifactor view, generation draws encoding resources to the target item and to the cue-target relation and away from processing associa-tions between target items, disrupting relational encoding (e.g., R. R. Hunt & McDaniel, 1993; Steffens & Erdfelder, 1998) . In pure lists, generation disrupts intertarget processing over the entire list and detracts from the usual generation advantage in recall. This causes generation effects to disappear or even reverse in free recall for between-subjects designs (Grosofsky et al., 1994; Hirshman & Bjork, 1988; Slamecka & Katsaiti, 1987; Steffens & Erdfelder, 1998) , even though the generation advantage persists in recognition, a test with little reliance on relational processing (e.g., Begg et al., 1989) . When generate and read items are intermixed, the disruption of intertarget processing produced by generation affects both generate and read items. Consequently, the multifactor account proposes equivalent relational encoding for read and generate items in a mixed list, which in turn permits the superior item-specific encoding in the generate condition to produce a recall advantage (R. R. Hunt & McDaniel, 1993) . 1 The moderating effect of experimental design on generation has played a critical role in the development of the multifactor account, as well as other accounts of the generation effect (e.g., Begg & Snider, 1987; Begg, Vinski, Frankovich, & Holgate, 1991; Grosofsky et al., 1994; Slamecka & Graf, 1978) . It is of interest, then, that the recent results of Mulligan's (2001) study question the extent to which experimental design is actually a limiting condition of the generation effect. Mulligan (2001, Experiment 1) , using a between-subjects design, presented study pairs in either a read (e.g., hot-cold) or generate (e.g., hot-c ) condition. In the latter condition, participants generated the target word from its antonym and its initial letter. Subsequently, participants were presented with a series of five free-recall tests for the target words. Consistent with earlier studies, no generation effect was observed on the initial (or second) test. However, on Tests 3-5, a significant generation effect emerged. The theoretical importance of the generation effect in between-subjects designs motivates the present attempt to delineate the conditions under which it emerges. Before describing these attempts, however, another aspect of Mulligan's (2001) results should be mentioned. Specifically, Mulligan (2001) found that the generate (but not the read) condition exhibited increased recall over tests, a phenomenon known as hypermnesia, and this is the topic discussed next.
When people attempt to recall the same material multiple times, memory for the material sometimes improves (Erdelyi, 1996; Payne, 1987) . This enhanced memory, or hypermnesia, has intrigued memory researchers because it stands in stark contrast to the typical forgetting that occurs with time. In the case of hypermnesia, memory performance increases rather than decreases with time (e.g., Erdelyi & Kleinbard, 1978) . Hypermnesia is readily found when the study materials are pictures (e.g., Erdelyi, Buschke, & Finkelstein, 1977; Erdelyi & Kleinbard, 1978; Payne, 1987) . However, hypermnesia is not always found for verbal materials. To produce hypermnesia, words must either be presented multiple times under intentional learning instructions or encoded under instructions encouraging semantic elaboration or imagistic processing (e.g., Belmore, 1981; Erdelyi, Finkelstein, Herrell, Miller, & Thomas, 1976; LaTour & McKelvie, 1994; Olofsson, 1997; Payne, 1986; Shaw & Bekerian, 1991) .
The results of Mulligan (2001) raise the question of whether generation should be added to the list of encoding conditions that produce hypermnesia for verbal materials. In fact, there are two other relevant studies that produced results similar to those of Mulligan (2001) . Both studies (Erdelyi et al., 1977; Payne & Wenger, 1992) used a between-subjects design and the same atypical manipulation of read versus generate. In both studies, a list of target items was presented either as words (e.g., bat), as pictures (e.g., a sketch of a bat), or as riddles whose answers were the target words (although the words themselves were not presented; e.g., "This longish wooden object is used by baseball players to hit the ball. What is it?"). In both studies, hypermnesia occurred for both the picture and riddle conditions but not for the word condition. Conceiving of the riddle and word conditions as generate and read conditions, respectively, the results are consistent with Mulligan's (2001) finding that generation produces hypermnesia whereas reading does not. In addition, and again consistent with Mulligan (2001) , recall in the riddle and word conditions did not differ on the initial tests, but the riddle condition appears to have produced higher recall on later tests (statistical comparisons within tests were not conducted).
2
A consideration of these studies raises three possibilities about the emergence of the generation effect in between-subjects designs and the relationship between generation and hypermnesia. First, it could be that the generation condition elicited imagistic encoding of the target words. This seems quite plausible in the case of Erdelyi et al. (1977) and Payne and Wenger (1992) , in which the generated words were all highly imageable and the riddles were conducive to imagistic processing. Imagistic processing in Mulligan's (2001) study may not have been as likely, but a role for it cannot be dismissed because the target words were, on average, relatively concrete, and because generative and elaborative encoding may induce some amount of imagistic processing (see Erdelyi, 1982) . It is known that imagistic encoding of verbal materials produces hypermnesia (e.g., Erdelyi et al., 1976; Roediger & Thorpe, 1978) , raising the possibility that the obtained results were produced by imagistic encoding rather than generation, per se.
A second possibility is that the generate condition enhances semantic elaboration, which in turn produces hypermnesia (e.g., Belmore, 1981; Payne, 1986) . The typical generation tasks (e.g., generation from antonyms or semantic associates) are often viewed as inducing semantic elaboration (e.g., Hirshman, in press; Masson & MacLeod, 1992) . In Erdelyi et al. (1977) and Payne and Wenger (1992) , the riddle condition was more likely to induce semantic processing than the read condition. Likewise, the antonym generation task in Mulligan (2001) focused participants on semantic processing at study.
1 Although generation typically impairs intertarget relational encoding, the multifactor view proposes that generation enhances this type of processing when the target items are related (e.g., categorically; see McDaniel et al., 1988; Mulligan, 2001 , for discussion). This detail is relegated to a footnote because the present set of experiments all used unrelated target items, in which case the multifactor account predicts that generation disrupts relational encoding.
2 Neither the Erdelyi et al. (1977) nor the Payne and Wenger (1992) studies were designed to isolate the effects of generation proper. For example, the presence of the riddle at encoding was confounded with encoding condition appearing in the riddle but not in the word condition. In standard generation manipulations, when words are generated from meaningful cues, the cues are presented in both the generate and read conditions. This necessitated the Mulligan (in press) study that, using a more standard generation manipulation, produced consistent results.
A third possibility is that the act of generation itself is decisive, independent of semantic elaboration or imagistic processing. Although many commonly used generation tasks emphasize meaning, there are a number of generation tasks that do not. These tasks either provide no semantic generation cues (e.g., letter transposition, word-fragment generation) or use cues that focus processing on a dimension other than meaning (e.g., rhyme generation). Generating words by these rules enhances later memory (e.g., Burns, 1996; Kinoshita, 1989; Nairne & Widner, 1988; Schmidt, 1992; Serra & Nairne, 1993; Slamecka & Graf, 1978) but appear to do so without enhanced semantic elaboration (Kinoshita, 1989; Mulligan, in press ). These generation tasks will be referred to as nonsemantic generation tasks.
3
The primary goal of the present set of experiments is to delineate the conditions under which generation induces hypermnesia and produces the emergent generation effect in between-subjects designs. These experiments were designed to distinguish among the three potential accounts, that the effects are mediated by imagistic encoding, semantic elaboration, or by generation proper. A secondary goal of the study was to assess the effect of multiple recall tests on another limiting condition of the generation effect, that produced by nonwords. The results of Mulligan's (2001) study demonstrate that multiple recall tests can alleviate the limiting condition produced by a between-subjects design. The question naturally follows: Do emergent generation effects occur for other limiting conditions that produce no generation effect on an initial recall test? Experiment 1 Experiment 1 was designed to evaluate whether imagistic encoding plays a significant role in the emergent generation effect by varying the imagery level of the target words (a traditional approach to assessing imagistic encoding, e.g., Roediger & Thorpe, 1978; see Payne, 1987, pp. 13-15) . In the study portion of the experiment, a semantic associate was presented with each target item, which was either presented intact (to be read) or in fragment form (to be generated). Half the target words were high imagery and half were low imagery. Subsequently, the participants were given five successive recall tests for the target items. If the emergent generation effect is due to imagistic encoding in the generate condition, then the effect should arise for high-imagery targets but should be reduced or eliminated for low-imagery targets. Alternatively, if this effect is due to semantic elaboration or the act of generation proper, the imagery of the target items should not moderate the effect. More fundamentally, this experiment determines if the results of Mulligan's (2001) study (i.e., the emergent generation effect and hypermnesia in the generate condition) generalize to a second meaning-based generation task. Mulligan (2001) used antonym generation whereas the present study used generation from a semantic associate. This test of generality is important because antonym generation sometimes produces different results than other meaning-based generation tasks (Masson & MacLeod, 1992) .
Method
Subjects. Seventy-two undergraduates at Southern Methodist University participated in exchange for extra credit in psychology courses.
Design and materials. Encoding condition (read vs. generate) was manipulated between subjects and word imagery (high vs. low) and recall test (1 through 5) were manipulated within subjects.
The critical words were 24 high-and 24 low-imagery words (chosen from the MRC Psycholinguistic Database, Coltheart, 1981) , four to seven letters long, and matched on frequency, length, and meaningfulness. The high-imagery words had imagery ratings between 600 and 700 on the MRC Psycholinguistic scales, with mean imagery of 614 and mean concreteness of 590. The low-imagery words had imagery ratings of less than 450 with mean imagery of 401 and mean concreteness of 333. The high-frequency words had mean length of 5.4 letters, mean Kučera-Francis (1967) frequency of 92.3, and mean meaningfulness ratings of 611 (based on the Paivio norms; see MRC Psycholinguistic Database for details). The corresponding means for the low-imagery words were 5.5, 97.5, and 606, respectively.
Each critical word was paired with a semantic associate to create two study lists. In the read list, both the cue and target words were presented intact in lowercase (e.g., bread-butter). In the generate list, the target item was presented in fragment form, in which one to four letters (depending on the length of the word) were replaced by underscores (e.g., bread-b t e ). The word pairs were randomly ordered, subject to the constraint that no more than two high-or low-imagery critical items occurred in sequence. Three additional pairs were added to the beginning of the study lists as buffer items and were not scored for recall. The study stimuli were copied to slides and presented through a slide projector. Pilot testing indicated that the generate trials could be successfully generated with approximately 95%-100% accuracy.
Procedure. Participants were tested in groups of 3 to 7. Participants in the read condition were instructed to read both words and to write the second word of each pair on their answer sheet. They were further instructed to try to remember the second word (the one written down) for a later (unspecified) memory test. In the generate condition, participants were told that on each trial they would see a word followed by a word fragment. They were instructed to read the first word and to use it to try to think of a completion for the word fragment. They were to write their answer on the sheet and to try to remember the written word for a later memory test. A practice trial preceded the study list (in both the read and generate conditions) to ensure that participants understood the task. Each study pair was presented for 8 s.
Following the study task, participants were given the first free-recall memory test. Participants were presented with a test sheet and asked to recall the target words from the study phase. It was made clear that the target words were those words written down on the answer sheet during the study phase. The test lasted 5 min. Participants were encouraged to use the entire time to remember as many words as possible. At the end of the first test, the test sheets were collected and the participants were then presented with a second 5-min-free-recall test. Participants were given a new test sheet and again asked to recall as many target words from the study list as possible. Participants were encouraged to continue trying to remember 3 The use of the term nonsemantic to describe these tasks may require additional justification. In the case of the rhyme generation task, the usage is consistent with the levels-of-processing tradition (e.g., Craik & Tulving, 1975) in which an orienting task that focuses on the sound of the target word would be characterized as shallow or nonsemantic. Referring to the letter-transposition rule as nonsemantic follows Kinoshita (1989) , who argued that this task enhances distinctiveness along a nonsemantic dimension. In particular, letter transposition enhances recall and recognition but not priming in the category-production task, a task known to be sensitive to semantic elaboration (Kinoshita, 1989; Mulligan, in press ). Finally, Roediger (1990) provides evidence that producing a word from a fragment primarily engages data-driven or perceptual processes rather than conceptual or semantic processes.
words for the entire 5-min period. This procedure was repeated for Tests 3-5.
Results and Discussion
At study, target words were correctly generated on 98% and 97% of the trials for the high-and low-imagery words, respectively. One-hundred percent of the read words were correctly copied. Although study performance was quite high in the generate condition in this and subsequent experiments, all analyses were performed on the test data both conditionalized on correct performance at study (i.e., excluding items that were not generated correctly) and unconditionalized. Because the two sets of analyses led to the same conclusions, only the unconditionalized analyses are reported for this and all subsequent experiments.
The recall data are presented in Table 1 . Net recall (the proportion of studied words recalled on a given test) was analyzed with a 2 ϫ 2 ϫ 5 analysis of variance (ANOVA), using encoding condition as a between-subjects factor and word imagery and recall test as within-subjects factors. The analysis produced three significant effects (an alpha level of .05 was used for this and all subsequent analyses). The effect of imagery, F(1, 70) ϭ 65.78, MSE ϭ 16.39, is consistent with numerous findings that highimagery words can produce greater recall than low-imagery words (e.g., Paivio, 1991) . The main effect of test, F(4, 280) ϭ 15.49, MSE ϭ 1.64, reveals higher mean recall on later tests (i.e., hypermnesia). The effect of encoding condition approached the traditional level of significance, F(1, 70) ϭ 3.18, MSE ϭ 50.78, p Ͻ .08, indicating a trend for higher recall in the generate condition than the read condition. However, the effects of test and encoding conditions are moderated by their interaction, F(4, 280) ϭ 9.33, MSE ϭ 1.64.
The Test ϫ Encoding Condition interaction was examined in two ways. First, separate 2 (imagery) ϫ 5 (recall test) ANOVAs were conducted for the generate and read conditions. The effect of test was significant in the generate condition, F(4, 140) ϭ 18.01, MSE ϭ 2.13, but not in the read group, F(4, 140) ϭ 1.96, p Ͼ .10, indicating that hypermnesia occurred only under generate instructions. The effect of imagery was significant in both analyses, Fs(1, 70) Ͼ 40, whereas the test by imagery interactions were not (Fs Ͻ 1). Second, 2 (imagery) ϫ 2 (encoding condition) ANOVAs were conducted separately for each of the five tests. These analyses indicated no generation effect for Tests 1 and 2-F Ͻ 1, and F(1, 70) ϭ 1.75, p Ͼ .15, respectively-and significant generation effects for Tests 3-5-F(1, 70) ϭ 3.90, p ϭ .052; F(1, 70) ϭ 4.85, and F(1, 70) ϭ 7.26, respectively. The effect of imagery was significant in all analyses, Fs(1, 70) Ͼ 42, whereas the Imagery ϫ Encoding Condition interactions were not-F(1, 70) ϭ 2.58, p Ͼ .10, for Test 2; Fs Ͻ 1 for all other tests.
It is also important to examine cumulative recall (the total proportion of studied words recalled across tests) because this figure cannot be derived from the other reported results (e.g., Payne, 1986; Roediger & Thorpe, 1978) . Cumulative recall (see Table 1 ) was analyzed with a 2 (encoding condition) ϫ 2 (word imagery) ϫ 5 (recall test) ANOVA. The analysis produced results consistent with net recall, including significant main effects of all factors-imagery: F(1, 70) ϭ 49.97, MSE ϭ 22.41; test: F(4, 280) ϭ 183.06, MSE ϭ 1.00; encoding: F(1, 70) ϭ 4.29, MSE ϭ 62.05-and a significant Test ϫ Encoding Condition interaction, F(4, 280) ϭ 25.01, MSE ϭ 1.00. No other effect was significant (Fs Ͻ 1). These results indicate that, on average, cumulative recall was higher for high-imagery words than for low-imagery words, greater in the generate than in the read condition, and increased over tests. In addition, the increase in cumulative recall was greater in the generate condition than in the read condition. As with net recall, cumulative recall exhibited no effect of generation on Tests 1 and 2-F Ͻ 1 and F(1, 70) ϭ 2.14, p Ͼ .10, respectivelyand significant generation effects on Tests 3-5, all Fs(1, 70) Ͼ 6.20.
When multiple recall tests are used, some items are recalled on later tests that had not been recalled earlier (item gains), whereas other items that were successfully recalled earlier may not be recalled on later tests (item losses). Although not a primary focus of the present experiments, item gains and losses are reported in the Appendix (for this and subsequent experiments) because gains and losses have been used to index item-specific and relational encoding (e.g., Klein, Loftus, Kihlstrom, & Aseron, 1989; McDaniel, Moore, & Whiteman, 1998; Mulligan, 2001 ).
The present results are consistent with those of Mulligan (2001, Experiment 1) in several ways. First, hypermnesia occurred for the generate condition but not the read condition. As Mulligan (2001) noted, the absence of hypermnesia in the read condition is consistent with prior research, which finds that verbal materials do not produce hypermnestic recall unless the materials are presented multiple times or are encoded under instructions encouraging elaboration or the formation of mental images (e.g., Belmore, 1981; LaTour & McKelvie, 1994; Payne, 1986 Payne, , 1987 . Apparently, these conditions do not apply for the read condition (see Mulligan, 2001 ). Second, generation produced no effect on the initial recall test, as was expected on the basis of prior between-subjects experiments, all of which used a single recall test (e.g., Grosofsky et al., 1994; Hirshman & Bjork, 1988; Kinoshita, 1989; McDaniel et al., 1988; Slamecka & Katsaiti, 1987) . Third, a generation effect emerged on the third test and persisted through the last two tests. Note. There were 24 study items in each of the generate and read conditions.
Thus, the results of Mulligan (2001) generalize to a second meaning-based generation task, a task based on semantic-associate generation. Even more important for present purposes, the effects of generation were the same for high-and low-imagery words. Generation produced hypermnesia and the emergent generation effect to the same degree in both cases. This argues against a role for imagistic encoding in the production of these effects, which predicts diminished or eliminated effects for the low-imagery condition.
Experiment 2
The current pattern of results-hypermnesia in the generate condition and the emergence of the generation effect on later recall tests in a between-subjects design-has now been demonstrated for generation tasks using antonyms (Mulligan, 2001 ) and semantic associates (Experiment 1). Experiment 2 was conducted to determine if this pattern extends to a third semantic-based generation task in which target items were generated from fellow category members (the category generation rule, found by Slamecka & Graf, 1978 , to enhance recall in a within-subjects design). Assessing the generality of this pattern of results is important because, as we shall see in subsequent experiments, it does not hold for all generation manipulations.
Method
Subjects. Fifty-six undergraduates at Southern Methodist University participated in exchange for extra credit in psychology courses.
Design and materials. Encoding condition was manipulated between subjects and recall test was manipulated within subjects. The critical study items consisted of 40 pairs of examples from 40 different categories (e.g., peach-lemon) drawn from the norms of Battig and Montague (1969) and K. P. Hunt and Hodge (1971) . Both words of each pair were chosen from the top 10 of the category frequency lists. In the read list, both the cue and target words were presented intact. In the generate list, the cue word was presented intact and the target item was presented in fragment form, in which two to four letters (depending on the length of the word) were replaced by underscores. Five additional example pairs from 5 additional categories were also used. One pair was used as an example during the study instructions and 2 each were added to the beginning and end of the study lists to serve as recency and primacy buffers. The study stimuli were copied to slides and presented through a slide projector.
Procedure. The procedure was the same as in Experiment 1, with minor modifications to the study instructions. All participants were informed that both words in a study trial were from the same category. In the read condition, participants were instructed to read both words, write down the second word, and to try to remember the second word for a later memory test. In the generate condition, participants were told to read the first word and to try to complete the second word with an example from the same category. As in Experiment 1, these participants were told to write their answer and to try to remember it for the later memory test.
Results and Discussion
The proportions correct at study were 100% and 97% in the read and generate conditions, respectively. Net recall (see Table 2 ) was analyzed with a 2 ϫ 5 ANOVA, using encoding condition and recall test as factors. The analysis produced a significant main effect of test, F(4, 216) ϭ 14.00, MSE ϭ 0.0015, and a significant Encoding Condition ϫ Test interaction, F(4, 216) ϭ 6.56, MSE ϭ 0.0015. The effect of encoding condition approached significance, F(1, 54) ϭ 3.44, p ϭ .07. Follow-up tests reveal a significant effect of test in the generate group, F(4, 108) ϭ 15.23, MSE ϭ 0.0019, but not in the read group, F(4, 108) ϭ 1.99, p ϭ .10, indicating that hypermnesia occurred only in the generation condition. Comparisons within tests indicate no generation effect for Tests 1 and 2, t(54) ϭ 0.25 and 1.45, respectively, and significant generation effects for Tests 3-5, all ts(54) Ͼ 2.05. A 2 (encoding condition) ϫ 5 (recall test) ANOVA on cumulative recall produced results consistent with the analysis of net recall. Both main effects and the interaction were significant (all Fs Ͼ 4.5), indicating that, on average, cumulative recall was higher in the generate condition than in the read condition, increased over tests, and the increase was greater in the generate condition than in the read condition. Cumulative recall exhibited no significant effect of generation on Tests 1 and 2-t Ͻ ͉1͉; t (54) ϭ 1.65, p ϭ .10, respectively-and significant generation effects on Tests 3-5, all ts(54) Ͼ 2.4.
The results obtained with category-associate generation are consistent with those obtained with antonym and semantic-associate generation. First, there was no generation effect on the initial recall test. Second, the effect of generation emerged on later recall tests. Third, the generation but not the read condition produced hypermnesia.
Experiment 3
The results of Experiment 1 argue against the imagisticencoding explanation, but the other two alternatives remain. It could be that the act of generation itself produces hypermnesia, or it could be that hypermnesia is due to enhanced semantic elaboration in the generation condition. Not all effective generation tasks are based on semantic cues or rules, however. Generating words from word fragments, from rhyme cues, or by transposing letters enhances recognition and recall (in within-subjects designs) relative to reading words (e.g., Burns, 1996; Kinoshita, 1989; Nairne & Widner, 1988; Schmidt, 1992; Serra & Nairne, 1993; Slamecka & Graf, 1978) . As is typical for lists of unrelated study words, however, the letter-transposition and word-fragment generate manipulations do not enhance recall in between-subjects designs (Burns, 1996; Nairne, Reigler, & Serra, 1991; Schmidt, 1992) . Kinoshita (1989) provided evidence that the letter- Note. There were 40 study items in each of the generate and read conditions. transposition task, despite enhancing memory, does not enhance semantic processing (see also Mulligan, in press). The succeeding experiments examined whether nonsemantic generation tasks lead to hypermnesia and the emergence of generation effects in between-subjects designs. If these results are mediated by semantic elaboration in the generate condition, they should not generalize to nonsemantic generation tasks. However, if the act of generation itself produces the effects, they should be observed whether the generate task emphasizes meaning or not. Experiment 3 used the letter-transposition task, in which study items were presented in isolation. In the generate condition, the first two letters were reversed and underlined (e.g., acndy), and participants were to transpose the underlined letters and write down the resulting item. In the read condition, the item was presented without reversals (e.g., candy) and participants were to read and copy down the item.
A second goal of the experiment was to assess the effect of multiple recall tests on another limiting condition of the generation effect. As noted in the introduction, generation effects are typically not obtained when nonwords are generated through such tasks as letter transposition or rhyme generation (e.g., McElroy & Slamecka, 1982; Nairne et al., 1985; Payne et al., 1986) . The observation that multiple recall tests alleviate the limiting condition of experimental design raises the question of whether generation effects will emerge over repeated testing for other apparently limiting conditions.
Method
Subjects. Ninety-eight undergraduates at Southern Methodist University participated in exchange for extra credit in psychology courses.
Design and materials. Encoding condition and item type (word vs. nonword) were manipulated between subjects and recall test was manipulated within subjects.
The critical study items consisted of 42 words and 42 nonwords. The words were common, four-to-six-letter words of relatively high imagery and concreteness. The words had similar characteristics as the highimagery words used in Experiment 1, with mean imagery and concreteness of 582 and 557, respectively. Mean Kučera-Francis (1967) frequency was 112 and mean meaningfulness rating was 670. The nonwords were based on a separate set of words with similar characteristics as the critical words. For each of these words, one or two letters were replaced to produce a pronounceable nonword (e.g., trass, meep, tice). Care was taken so that none of the nonwords were homophonic with real words. For both the word and nonword conditions two versions of the study list were prepared. In the read list, the study item was presented in lowercase (e.g., tower, trass). In the generate list, the first two letters of the study item were reversed and underlined (e.g., otwer, rtass). The study items were randomly ordered. Two additional study items of similar characteristics to the critical items were added to the beginning and end of the list to serve as primacy and recency buffers, producing a total list length of 46. The study stimuli were copied to slides and presented through a slide projector.
Procedure. The procedure was identical to Experiments 1 and 2, with the exceptions that only a single item was presented on each trial and that instructions were varied to reflect the differing materials and generation task. Participants in the read condition were instructed to read each word, write it down on their answer sheet, and try to remember it for a later memory test. In the generate condition, participants were told that on each trial they would see a word with the first two letters transposed. They were instructed to generate the word by reversing the two underlined letters, write it on their answer sheet, and to try to remember the word for a later memory test. For the nonword groups, participants were informed that they would be presented with letter strings that did not correspond to real words. The study instructions in the read-nonword condition were otherwise the same as those in the read-word condition: read the item, write it down on the answer sheet, and try to remember it. In the generate-nonword condition, participants were told to reverse the first two (underlined) letters to produce the study item. It was made clear that the resulting nonword was the critical item to be remembered for the later test. A practice trial preceded the study list (in both the read and generate conditions) to ensure that participants understood the task. In the testing phase, participants were asked to remember the items written down on the answer sheet during the study phase. The generate groups were presented with an example based on the practice trial to ensure the instructions were clear.
Results and Discussion
Data from two participants were eliminated, yielding an effective sample size of 96 (24 in each group). One of the participants (in the nonword-generate condition) produced errors on 60% of the study trials. The other participant (in the word-generate condition) produced more than 20 intrusions per recall test. The proportions of words correctly written down was 100% and 98% in the read and generate conditions, respectively. For nonwords, the corresponding percentages were 99% and 97%, respectively. Table 3 presents the recall data. With respect to the word condition, the results diverge from those of Experiments 1 and 2 in two important ways. First, no generation effect emerged over recall tests. Second, the generation group, as well as the read group, failed to produce hypermnesia. The same summary applies to the nonword condition. Net recall was analyzed with a 2 ϫ 2 ϫ 5 ANOVA, using encoding condition and item type as between-subjects factors and recall test as a within-subjects factor. The analysis produced a single significant effect, that of item type, F(1, 92) ϭ 53.93, MSE ϭ 0.0499, indicating greater recall for words than for nonwords. No other effect was significant (Fs Ͻ 2, ps Ͼ .10). The analysis of cumulative recall produced the same (Kinoshita, 1989) and produced neither hypermnesia nor a generation effect. This result provides initial evidence that generation per se does not produce hypermnesia. Rather, these results suggest that the generation task must emphasize semantic information to produce hypermnesia and the emergent generation effect. Such a conclusion is provisional, however, until additional issues can be evaluated. First, although the letter-transposition task has produced positive generation effects in recognition and recall in prior research (Kinoshita, 1989; Nairne & Winder, 1988) , it had no effect on recall in the present study. Experiment 4 demonstrates that in a within-subjects design, the present generation task produces a robust effect on recall. Second, the encoding conditions of the present experiment differed from Experiments 1 and 2 (and Mulligan, 2001 ) not only in terms of the semantic nature of the generation task. In the latter experiments, the target item was presented with a cue word at study, whereas in the present experiment the target item was presented alone. Experiment 5 provides evidence that this is not a critical difference.
A second purpose of Experiment 3 was to determine if generation effects emerge over repeated recall for nonwords. The present study provides preliminary evidence that this limiting condition persists over multiple recall tests. As expected, there was no generation effect on Test 1 (replicating the common finding of no generation effect for nonwords, e.g., McElroy & Slamecka, 1982; Nairne et al., 1985; Payne et al., 1986) . More important, no generation effect emerged on later tests. Thus, the materials limitation of the generation effect appears to be more consistent than that due to experimental design, which, in at least some cases (Mulligan, 2001 , the present Experiments 1 and 2), abates over multiple recall tests. However, before such a conclusion can be drawn with confidence, two issues must be resolved. First, recall performance for nonwords was relatively low, which may have obscured an effect of generation on nonwords. Second, the present experiment produced no effect of generation for words or for nonwords. To provide a stronger test of whether the materials limitation of the generation effect persists over repeated recall tests, it would be helpful to demonstrate this limitation under conditions producing a generation effect for words and higher recall of nonwords. Experiment 4 addresses these issues.
A final consideration is the power of the present study to detect hypermnesia and effects of generation for words and nonwords. Across the four experiments in Mulligan's (2001) study, and in the present Experiments 1 and 2, there were six significant effects of test on net recall (i.e., hypermnesia) following a semantic generate task. The median size of these hypermnesia effects is f ϭ 0.63. Analyses restricted to the generate condition of the present experiment indicate no effect of test for either words or nonwords (Fs Ͻ 1). The power to detect an effect of test, the size of that found with semantic generation tasks, exceeds .99 in both cases (Kirk, 1995, pp. 259 -264) . The power to detect an effect half this size is .90 in both cases. Three between-subjects experiments (Mulligan, 2001 , Experiment 1; the present Experiments 1 and 2) found a (semantic) generation effect on later recall tests following a null effect on the initial tests. The size of these emergent generation effects on net recall were greatest in Test 5, yielding an average effect size of d ϭ 0.69. The effect size was somewhat larger on cumulative recall (measured at the end of Test 5), averaging d ϭ 0.82. Read-generate comparisons on Test 5 net recall and Test 5 cumulative recall reveal no effect of encoding condition for words or nonwords (all Fs Ͻ 1). The power of these analyses to detect an effect of generation comparable with that found on the final recall tests of the earlier experiments is .86 for net recall and .94 for cumulative recall.
Experiment 4
In this experiment, the encoding conditions of Experiment 3 were manipulated within subjects. This study was conducted for several reasons. The first was to verify that the materials and letter-transposition task used in Experiment 3 would produce the expected generation effect for words in a within-subjects design (e.g., Kinoshita, 1989; Nairne & Widner, 1988) . Second, in contrast to semantic generation tasks, letter transposition did not produce hypermnesia for words in a between-subjects design. Mulligan (2001, Experiments 2 and 3) found that the (semantic) antonym generation task also produced hypermnesia in a withinsubjects design whereas the read condition did not. The present experiment examined if the difference between the semantic, antonym generation task and the letter-transposition task extended to a within-subjects design. Third, the results for the nonwords are more interpretable if the letter-transposition task produces a gen-4 An additional experiment was conducted to determine if a second nonsemantic generation task, word-fragment generation, produced the same results as letter transposition (i.e., no hypermnesia and no emergent generation effect in a between-subjects design). Word-fragment generation produces the typical pattern in recall, a robust generation effect for withinsubjects but not between-subjects designs (e.g., Schmidt, 1992) . In a between-subjects design, 64 participants either generated words from word fragments with a single missing letter (e.g., tow r), or they read the intact words (e.g., tower; nonwords were not used in this experiment). Following the study session, participants were given a series of five recall tests. Except for the generation manipulation, this experiment used the same materials and procedures as the word conditions of Experiment 3. The experiment produced the exact same results as well: no effect of encoding condition on Test 1, no effect of test (i.e., no hypermnesia) in the generate condition, and no emergent generation effect on later recall tests. Because of the similarity between this experiment and the word conditions of Experiment 3, data from the two studies were combined to produce a maximally powerful analysis of the effects of nonsemantic generation. Consistent with the separate analyses, the combined analysis revealed no hypermnesia in the generate condition (F Ͻ 1). The power of this analysis to detect a hypermnesia effect half the size of that found with semantic generation tasks exceeds .99. The power to detect an effect one third that size is .80. A read-generate comparison revealed no effect on net or cumulative recall in Test 5 (both ts Ͻ ͉1͉). The power to detect an effect of generation comparable with that found with semantic generation tasks is .98 and greater than .99, respectively. The power to detect an effect one-third smaller (d ϭ 0.46 and d ϭ 0.55, respectively) is .78 and .89, respectively. Thus, Experiment 3 and this conceptual replication provided overwhelming power to detect hypermnesia effects in the generate condition, and substantial power to detect the emergent generation effect if such were present. eration effect for words, as is expected in a within-subjects design. Fourth, Experiment 4 also included a second nonword condition in which the study list was presented twice. This was done to increase the overall recall level of this group to determine if the nonword results of Experiment 3 were an artifact of low recall performance.
Method
Participants. Seventy-two undergraduates at Southern Methodist University participated in exchange for extra credit in psychology courses.
Design and materials. Encoding condition and recall test were manipulated within subjects. There were three groups of participants, those presented with the word study list once (the word condition), those presented with the nonword study list once (nonword-once condition), and those presented with the nonword study list twice (nonword-twice condition).
The critical words and nonwords were the same as those used in Experiment 3. Two study lists of words were created by randomly dividing the critical words into two sets (A and B). In one study list, Set A was assigned to the generate condition and Set B was assigned to the read condition; the second study list reversed the encoding assignments. Two study lists of nonwords were created in the same way. The critical study items were then randomly ordered subject to the constraint that no more than two items of the same encoding condition appeared in sequence. Two additional items were added to the beginning and two to the end of each study list.
Procedure. The procedures for the word and nonword-once conditions were identical to those of Experiment 3, with modified study instructions reflecting the within-subjects manipulation of encoding condition. The nonword-twice condition was identical to the nonword-once condition, with the exception that the study list was presented a second time. Immediately after the first presentation of the study list, participants were told that the study list would be presented a second time. Their answer sheets were collected and a second, blank answer sheet was distributed. Participants were reminded to read or generate each item and to try to remember it for the later test. The second presentation was identical to the first; items were presented in the same order and encoding conditions as the first presentation. The testing phase for this group was identical to the other groups.
Results and Discussion
The proportions of study items correctly generated were 98% in the word condition, 97% in the nonword-once condition, and 97% and 98% in the nonword-twice condition for the first and second list presentations, respectively. In the read condition, all study items were correctly copied.
Net recall (see Table 4 ) was analyzed with a 2 ϫ 5 ϫ 3 ANOVA, using encoding condition and recall test as withinsubjects factors, and group (word, nonword-once, or nonwordtwice) as a between-subjects factor. Three effects were significant. First, the main effect of group was significant, F(2, 69) ϭ 15.34, MSE ϭ 0.1378. Post hoc tests (using Fisher's least significant difference) indicate that each group significantly differed from the others. Second was the effect of encoding condition, F(1, 69) ϭ 9.30, MSE ϭ 0.0378, indicating greater recall in the generate condition than in the read condition. Third was the significant Group ϫ Encoding Condition interaction, F(2, 69) ϭ 6.29, MSE ϭ 0.0378. No other effects were significant (Fs Ͻ 1.7, ps Ͼ .20). To investigate the significant interaction, the word group and the two nonword groups were subjected to separate analyses. The analysis of the word group (a 2 ϫ 5 ANOVA, using encoding condition and recall test as factors) revealed a main effect of encoding condition, F(1, 23) ϭ 15.92, MSE ϭ 0.0513, indicating a generation effect. No other effect was significant (Fs Ͻ 1.7, ps Ͼ .25). Net recall of nonwords was analyzed with a 2 ϫ 5 ϫ 2 ANOVA, using encoding condition, recall test, and group (nonword-once or nonword-twice) as factors. The only significant effect was that of group, F(1, 46) ϭ 13.38, MSE ϭ 0.1164, indicating that presenting the nonword list twice produced the expected increase in recall. No other effect was significant (Fs Ͻ 2, ps Ͼ .12). To summarize, a within-subjects manipulation of generation produced the expected generation effect for words but not for nonwords. In addition, there was no evidence of hypermnesia in either the generate or read conditions. For nonwords, there was no evidence of an emergent generation effect over repeated tests, even though presenting the nonwords twice substantially increased recall levels.
The analysis of cumulative recall (see Table 5 ) produced similar results. The main effect of group was significant, F(2, 69) ϭ 16.54, MSE ϭ 0.1701, with post hoc tests indicating that each group significantly differed from the others. The effect of encoding condition, F(1, 69) ϭ 8.45, MSE ϭ 0.0456, and the Group ϫ Encoding Condition interaction, F(2, 69) ϭ 5.13, MSE ϭ 0.0456, were significant, indicating that the effect of generation depended on group. In addition, the effect of test, F(4, 276) ϭ 73.32, MSE ϭ 0.0011, and the Group ϫ Test interaction, F(8, 276) ϭ 4.95, MSE ϭ 0.0011, were significant, indicating that cumulative recall increased over tests and that the increase was smaller in the nonword-once group than in the other groups. The other effects were not significant (Fs Ͻ 1). The analysis of the word group revealed main effects of encoding condition, F(1, 23) ϭ 14.73, MSE ϭ 0.0513, and test, F(4, 92) ϭ 41.31, MSE ϭ 0.0011, and no interaction (F Ͻ 1). The analysis of nonwords revealed effects of group, F(1, 46) ϭ 12.78, MSE ϭ 0.1600, test, F(4, 184) ϭ 35.27, MSE ϭ 0.0011, and their interaction, F(4, 184) ϭ 6.43, MSE ϭ 0.0011, indicating higher cumulative recall in the nonword-twice condition, increased cumulative recall over tests, and a greater increase in the nonword-twice condition than in the nonword-once condition. The other effects were not significant (Fs Ͻ 1). Note. There were 21 study items in each of the generate and read conditions.
For words, the letter-transposition task produced a robust generation effect on the initial recall test, demonstrating that it is an effective generation task. Despite this, there is no evidence that this generation task produces hypermnesia. This contrasts with the results of Mulligan (2001, Experiments 2 and 3), who, using a semantic (antonym) generation task in a within-subjects design, found hypermnesia in the generate condition but not in the read condition. Thus, in both between-subjects and within-subjects designs, the nonsemantic letter-transposition task produces a different pattern of results than the semantic generation tasks. Next, consider the results of the nonwords. Consistent with prior research (e.g., Gardiner et al., 1988; Nairne et al., 1985; Payne et al., 1986) , there was no generation effect for nonwords on Test 1. More important, and consistent with Experiment 3, the generation effect did not emerge on later recall tests. Experiment 4 has two advantages over Experiment 3. First, the letter-transposition task produced a robust generation effect with words, eliminating the possibility that this manipulation is simply ineffective with any materials. Second, the nonword-twice condition substantially increased recall and yet displayed the same pattern of results as the nonword-once condition. This implies that the nonword results are not a product of low levels of recall.
Because several of the important results hinge on null results (of test), power must be considered. As discussed in Experiment 3, the size of the hypermnesia effect for semantic generation tasks averages f ϭ 0.63. The power to detect an effect of this size in the present experiment exceeds .99 for both generated words and nonwords. The power to detect an effect just half this size is .78 and .98 in the word and (combined) nonword conditions, respectively. Thus, there was considerable power to detect hypermnesia in the generate condition if letter transposition produces hypermnesia comparable with that produced by semantic generation tasks. An analysis of the power to detect a generation effect on net recall of nonwords was based on the size of this effect found with words in the present experiment (f ϭ 0.53). For nonwords, the power to detect a generation effect of this size exceeds .99. The power to detect an effect just half this size is still substantial at .80. Thus, the nonword conditions furnished sufficient power to detect a generation effect substantially smaller than that found with words.
Jointly, Experiments 3 and 4 provide no evidence of an emergent generation effect with nonwords. Thus, the material limitation of the generation effect is consistent over recall tests. This differs from the limitations due to design. In some instances, betweensubjects designs yield generation effects on later recall tests, even though the initial tests do not produce such an effect. In fact, the results with nonwords dovetail with the emerging pattern produced by words: Semantic but not nonsemantic generation tasks produce hypermnesia, which in turn produces the emergent generation effect. If semantic processing is required to produce hypermnesia in the generate condition, then such a result is not to be expected for materials that do not possess preexisting semantic representations.
Experiment 5
A difference between the semantic generation tasks used in Experiments 1 and 2 (and in Mulligan, 2001 ) and the lettertransposition task is that the former used a cue word and the latter did not. Experiment 5 examines whether this difference is critical by using the rhyme generation task (Slamecka & Graf, 1978) , a version of the generation manipulation that uses a cue word but does not emphasize semantic information. In within-subjects designs, rhyme generation produces a robust generation effect on recall, an effect of a comparable size as that produced by semantic generation rules (Slamecka & Graf, 1978) . On the basis of the present results, this manipulation is not expected to produce a generation effect on an initial recall test in a between-subjects design, as used in Experiment 5. The critical issue is whether the generation condition produces hypermnesia and the emergent generation effect, as is found with semantic-based generation tasks.
Method
Subjects. Sixty-seven undergraduates at Southern Methodist University participated in exchange for extra credit in psychology courses.
Design and materials. Encoding condition was manipulated betweensubjects and recall test was manipulated within subjects. A set of 48 fourand five-letter words were chosen from the MRC Psycholinguistic Database. The critical items had similar characteristics as those used in Experiments 3 and 4. The mean imagery and concreteness of the critical words were 580 and 575, respectively. Mean Kučera-Francis (1967) frequency was 126. Each target word was paired with a rhyming word that shared the last three to four letters (e.g., coat-boat; feel-wheel). Two study lists were created. In the generate condition, the cue word was presented intact followed by the first one or two letters of the target word. The missing letters of the target word were presented as blanks (e.g., coat-b ; feel-wh ). In the read condition, both words were presented intact. Two additional study pairs were added to the beginning and end of the list to serve as primacy and recency buffers, producing a total list length of 52. The study stimuli were copied to slides and presented through a slide projector.
Procedure. The procedure was identical to Experiments 1-3, with modification to the study instructions to reflect the nature of the study stimuli and generation rule.
Results and Discussion
The data from one participant (who produced errors on 40% of the study trials) were eliminated, yielding an effective Note. There were 21 study items in each of the generate and read conditions. sample size of 66, 33 in each group. Percent correct at study was 96% and 100% in the generate and read conditions, respectively. Net and cumulative recall (see Table 6 ) were analyzed with separate 2 ϫ 5 ANOVAs, using encoding condition and recall test as factors. Net recall produced no significant effectseffect of test: F(4, 256) ϭ 1.97, p ϭ .10; others: F Ͻ 1. The analysis of cumulative recall produced only the expected effect of test, F(4, 256) ϭ 117.92, MSE ϭ 1.24 (other Fs Ͻ 1.6, ps Ͼ .15). The power of the present study was assessed as in Experiment 3. There was no effect of hypermnesia in the generate condition (F Ͻ 1), an analysis with power exceeding .99 to detect an effect the size of that found with semantic generation tasks (f ϭ 0.63) and power of .90 to detect an effect half this size. There was no generation effect on net or cumulative recall in Test 5 (both Fs Ͻ 1), comparisons with power of .87 and .95, respectively, to detect a generation effect of the size found with semantic generation tasks.
The recall results are important for two reasons. First, they are consistent with Experiment 3 (see also Footnote 4), adding the rhyme rule to the set of nonsemantic generation tasks that produce neither hypermnesia nor the emergent generation effect. Second, the present results indicate that the critical difference between semantic (Experiments 1 and 2) and nonsemantic (Experiment 3) generation tasks is not the presence or absence of a cue word. The rhyme generation task relies critically on a cue word, and yet produced results at odds with the cue-based semantic tasks. One last issue deserves comment. Because the rhyme generation task produced no effect on recall, the effectiveness of this manipulation could be questioned (cf. Slamecka and Graf, 1978) . To verify that the rhyme rule affects memory accuracy in a between-subjects design, an additional experiment was conducted using recognition as the measure of memory. Twenty-four new participants were presented with the same encoding conditions as in Experiment 5 followed by a recognition memory test. An analysis of dЈ recognition accuracy indicated that recognition was significantly better in the generate condition than in the read condition (2.25 vs. 1.75), t(22) ϭ 2.47 (a result replicating Slamecka & Graf, 1978) . These results are consistent with earlier research (e.g., Begg et al., 1989; Kinoshita, 1989) : In a between-subjects design, generation manipulations that produce no effect in recall still significantly enhance recognition memory. This indicates that rhyme generation does have an impact on memory and that the failure to find an effect of generation on recall is not due to any general ineffectiveness of this encoding manipulation.
General Discussion
The primary goal of the present experiments was to delineate some of the conditions under which generation produces hypermnesia and the emergent generation effect in between-subjects designs. The results indicate that generation produces this pattern of results for semantic generation tasks, including generation from antonyms (Mulligan, 2001 , Experiment 1), from semantic associates (Experiment 1), and from category associates (Experiment 2). In addition, the effects of semantic generation were equivalent for high-and low-imagery target words (Experiment 1). In contrast, there were no such effects of nonsemantic generation tasks (letter transposition, rhyme generation, and word-fragment generation). These tasks produced neither hypermnesia nor the emergent generation effect, even though these manipulations enhanced recognition memory (Experiment 5) and recall in a within-subjects design (Experiment 4). In addition, letter transposition did not produce hypermnesia in a within-subjects design, even though this condition enhanced recall. A secondary goal was to determine if nonwords would produce a generation effect over repeated recall tests. With the benefit of hindsight, it is perhaps not surprising that no such effect emerged (Experiments 3 and 4), given that nonwords were, perforce, generated with a nonsemantic generation task.
As noted in the introduction, the results of Mulligan (2001) call into question the extent to which a between-subjects design is a limiting condition of the generation effect in recall (cf. McDaniel et al., 1988) . These results indicated that with repeated recall, a generation effect could emerge. The present results extend this finding to other semantic generation tasks but indicate that this pattern does not generalize to nonsemantic generation tasks. In the case of nonwords, there is no indication that this limiting condition is moderated by multiple recall tests, either in between-subjects or within-subject designs.
These experiments assessed three possible reasons why generation produced hypermnesia and the emergent generation effect. The results of Experiment 1 argue against a role for imagery. Although imagistic encoding of words can produce hypermnesia (e.g., Erdelyi et al., 1976; Roediger & Thorpe, 1978) , and initial studies of generation and hypermnesia used materials conducive to imagistic encoding (Erdelyi et al., 1977; Payne & Wenger, 1992) , low-imagery words produced hypermnesia and the emergent generation effect to the same extent as high-imagery words, a result arguing against this account. A second possibility was that the act of generation itself induces hypermnesia. The results of the nonsemantic generation tasks argue against the possibility. Selfgeneration by nonsemantic rules does not produce hypermnesia in either a between-subjects or a within-subjects design. Rather, the totality of the present results favors the semantic elaboration account. Those generation tasks that emphasize semantic aspects of the target item produce hypermnesia and the emergent genera- Note. There were 48 study items in each of the generate and read conditions. tion effect in recall, effects that appear to be a byproduct of enhanced semantic processing.
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This conclusion compels a reevaluation of a possibility raised in Mulligan's (2001) study. Mulligan (2001) drew on the itemspecific-relational account of hypermnesia (R. R. Hunt & McDaniel, 1993; McDaniel et al., 1998) , which proposes that as retrieval strategies develop over repeated recall tests, initial disparities in relational encoding become less important (McDaniel et al., 1998; Payne & Wenger, 1992) . Under this view, disruption in relational information in the generate condition would become less important on later recall tests, allowing the enhanced encoding of item-specific information to be evinced in superior recall. The present results appear to limit this possibility; not just any itemspecific enhancement will do. The item-specific processing must be semantic in nature. In particular, the nonsemantic generation tasks produce superior item memory in a between-subjects design, as measured by recognition (see the Results and Discussion section of Experiment 5; Kinoshita, 1989) , but these generation tasks do not produce hypermnesia or the emergent generation effect in recall.
On a related note, the effects of nonsemantic generation tasks can be compared with other nonsemantic manipulations that affect memory. In particular, Kinoshita's (1989) conclusion that letter transposition enhances distinctiveness (and hence memory) along a nonsemantic dimension relates this manipulation to other manipulations of nonsemantic distinctiveness, such as orthographic distinctiveness (R. R. Hunt & Elliott, 1980) and distinctive orthographic-to-phonological mappings (Hirshman & Jackson, 1997) . Like the generation effect, these manipulations enhance recall in within-subjects designs and (in the case of orthographic distinctiveness) do not affect recall in between-subjects designs (it is unknown if orthographic-to-phonological distinctiveness is effective in between-subjects designs). Given that these effects are mediated by nonsemantic distinctiveness (Hirshman & Jackson, 1997 ; R. R. Hunt & Elliott, 1980) , the present results suggest that these manipulations would produce neither hypermnesia nor emergent effects over multiple recall tests in a between-subjects design.
5 Another alternative explanation is that "stronger" manipulations of generation (those that have a more powerful impact on memory in general) produce the observed pattern of hypermnesia and emergent generation effect in between-subjects designs, whereas "weaker" generation manipulations do not produce these effects. There is evidence against this account. First, the nonsemantic generation manipulations, which would be the "weaker" manipulations according to this view, readily produce robust effects on recognition and on recall in within-subjects designs (e.g., Burns, 1996; Kinoshita, 1989; Nairne & Widner, 1988; Schmidt, 1992; Serra & Nairne, 1993; Slamecka & Graf, 1978 ; the present Experiment 4). A second way to evaluate this account is to compare the size of semantic and nonsemantic generation effects when they both occur, specifically in recall in within-subjects designs and in recognition. In the present case, we can compare the effect of the nonsemantic, letter-transposition task (Experiment 4) with the effect of the semantic, antonym generation task (Mulligan, 2001 , Experiments 2 and 3) on recall in a within-subjects design. These experiments used similar materials, participants, and procedures. Restricting the comparison to the initial recall test (thus eliminating the differential contribution of hypermnesia to the semantic, antonym generation effect) yields an effect size of d ϭ 1.15 for letter transposition and d ϭ 1.25 and 0.51 for the two antonym generation results. Thus, the lettertransposition task produced a generation effect of a comparable magnitude (and in fact larger than the average) of that produced by the antonym generation task. Consistent with this are the results of Slamecka and Graf (1978) , who found that the nonsemantic, rhyme recognition rule produced as large a generation effect in recognition and recall as that produced by semantic generation tasks, including synonym, antonym, and categoryassociate generation. Thus, there is no evidence that the nonsemantic tasks represent "weaker" generation manipulations than semantic tasks or that the pattern of hypermnesia and emergent generation effects is accounted for in terms of the strength of the generation manipulation.
Appendix Analysis of Item Gains and Losses
Item gains and losses over multiple recall tests have been used to index item-specific and relational encoding (e.g., Klein et al., 1989) . Specifically, conditions fostering item-specific encoding increase item gains whereas conditions fostering relational encoding reduce item losses. These recall components have thus been used to assess theories framed around the item-specific-relational distinction (e.g., Burns, 1993; R. R. Hunt & McDaniel, 1993; McDaniel et al., 1998; Mulligan, 2000; Olofsson, 1997) . Mulligan (2001, Experiment 1) found both more gains and losses in the generate condition than in the read condition, consistent with the multifactor view that generation simultaneously enhances item-specific encoding and disrupts relational encoding in between-subjects designs. The analysis of gains and losses is presented here to facilitate comparison with Mulligan (2001) . Item gains for Test i were computed as the number of words recalled on Test i but not on Test i Ϫ 1. Item losses for Test i were computed as the number of words recalled on Test i Ϫ 1 but not on Test i. The analyses exclude the nonword conditions of Experiments 3 and 4 for two reasons: The multifactor account makes clearest predictions regarding words, and the very low recall levels in some of the nonword conditions may artifactually induce lower levels of gains and losses (see Burns, 1993) . The gain-loss data are presented in Table A1 .
Experiment 1
Because word imagery produced no effects on gains or losses, performance was combined over imagery conditions. In this and subsequent analyses, gains and losses were analyzed with separate 2 ϫ 4 ANOVAs, using encoding condition and recall test (Tests 2-5) as factors. For gains, the main effect of encoding condition was significant, F(1, 70) ϭ 35.68, MSE ϭ 1.78, indicating more gains in the generate condition than in the read condition. The main effect of test was also significant, F(3, 210) ϭ 4.03, MSE ϭ 1.06, indicating fewer gains on Test 5. The interaction was not significant (F Ͻ 1). The analysis of losses produced two significant effects: (a) the main effect of encoding condition, F(1, 70) ϭ 5.86, MSE ϭ 1.14, indicating more losses in the generate condition than in the read condition; and (b) the main effect of test, F(3, 210) ϭ 6.71, MSE ϭ 0.77, indicating greater losses on the earlier tests. The interaction was not significant (Fs Ͻ 1).
Experiment 2
For gains, the main effect of encoding condition was significant, F(1, 54) ϭ 49.45, MSE ϭ 1.645, indicating more gains in the generate condition than in the read condition. No other effects were significant (Fs Ͻ 1.8, ps Ͼ .15). The analysis of losses produced a significant effect of encoding condition, F(1, 54) ϭ 9.56, MSE ϭ 1.681, indicating more losses in the generate condition than in the read condition, and a significant effect of test, F(3, 162) ϭ 4.54, MSE ϭ 1.382. The interaction was not significant (F Ͻ 1).
Experiment 3
For gains, no effects were significant (Fs Ͻ 1.6, ps Ͼ .20). The analysis of losses produced a significant effect of test, F(3, 138) ϭ 7.12, MSE ϭ 1.72, indicating more losses between earlier tests. The other effects were not significant (Fs Ͻ 2.5, ps Ͼ .10).
Experiment 4
For gains, no effects were significant (Fs Ͻ 1). The analysis of losses produced a main effect of test, F(3, 69) ϭ 6.60, MSE ϭ 0.581, indicating that losses decreased over tests. The other effects were not significant (Fs Ͻ 1). Note. The number of study items varied across studies (but was equal across two encoding conditions within an experiment). The number of study items per encoding condition was 48 in Experiments 1 and 5, 40 in Experiment 2, 42 in Experiment 3, and 21 in Experiment 4.
(Appendix continues)
For gains, the main effect of condition was significant, F(1, 64) ϭ 5.03, MSE ϭ 1.59, indicating more gains in the generate condition than in the read condition. The other effects were not significant (Fs Ͻ 1). The analysis of losses produced a significant effect of condition, F(1, 64) ϭ 5.91, MSE ϭ 1.73, indicating more losses in the generate condition than in the read condition, and a significant effect of test, F(3, 192) ϭ 4.85, MSE ϭ 1.91. The interaction was not significant (F Ͻ 1).
Discussion
The present results are only partially consistent with the multifactor theory and the results of Mulligan's (2001) study. Most of the experiments (1, 2, 3, and 5) used unrelated study words and a between-subjects design. Under these circumstances, the multifactor account proposes that generation should enhance item-specific encoding and disrupt relational encoding, which in turn predicts more gains and more losses in the generate condition than in the read condition. Experiments 1, 2, and 5 produced results consistent with these predictions. In each case, generation significantly increased gains and losses relative to reading. In contrast, Experiment 3 (as well as the replication experiment reported in Footnote 4) did not produce significant differences between the read and generate conditions on either gains or losses. Experiment 4 provides another test of the multifactor account. This experiment used unrelated items and a mixed-list (within-subjects) design. Under these conditions, the multifactor account proposes that generation enhances item-specific encoding (resulting in more gains) but not relational encoding (producing no effect on losses). Here, the predicted difference in gains between the generate and read conditions did not materialize.
Space limitations preclude a complete discussion of these results. However, two possible interpretations arise. The first, which we may dismiss, is that increases in gains and losses are simply a function of the recall level. The present results do not support this contention. In Experiment 5, the generate condition did not produce hypermnesia or greater recall, but it did significantly increase gains and losses relative to the read condition. However, the generate condition of Experiment 4 produced higher recall without significantly affecting gains or losses. In Experiments 1 and 2, in which the generate condition produced higher recall than the read condition on later tests, two additional analyses indicate that recall level does not drive gain and loss differences. First, in both Experiments 1 and 2, the generate and read conditions produce equivalent levels of recall on Tests 1 and 2. Restricting analyses to these tests reveals that generation produced significantly more gains-Experiment 1: F(1, 70) ϭ 40.61, MSE ϭ 1.13; Experiment 2: F(1, 54) ϭ 34.00, MSE ϭ 1.48 -and more losses, the latter effect significant in Experiment 1, F(1, 70) ϭ 5.80, MSE ϭ 0.96, and approaching significance in Experiment 2, F(1, 54) ϭ 3.25, MSE ϭ 1.45, p ϭ .08. Second, an additional analysis was conducted on the number of items gains and losses relative to the total number of items recalled. Relative gain scores were significantly higher in the generate condition than in the read condition in both Experiment 1 (.28 vs. .16), F(1, 64) ϭ 17.65, MSE ϭ 0.1080, and Experiment 2 (.22 vs. .13), F(1, 53) ϭ 16.41, MSE ϭ 0.0309. Likewise, relative losses were significantly higher in the generate condition than in the read condition for both Experiment 1 (.16 vs. .12), F(1, 64) ϭ 5.13, MSE ϭ 0.0319, and Experiment 2 (.14 vs. .08), F(1, 53) ϭ 6.04, MSE ϭ 0.0249. Thus, the generate conditions of Experiment 1 and 2 produced relatively as well as absolutely more gains and losses than the read condition, rendering the issue of recall level moot.
A second, more promising account focuses on the presence or absence of a generation cue word. The generate condition significantly affected recall components when the target items were accompanied by cue words. Generating from semantic associate (Experiment 1), category associate (Experiment 2), rhyme (Experiment 5), and antonym (Mulligan, 2001 ) all significantly affected gains and losses. Generating with the lettertransposition task (Experiments 3 and 4; or the word-fragment generation task described in Footnote 4) did not. The former set of generation manipulations paired the target item with a cue word; the latter manipulation did not. According to the multifactor account, generating a target item enhances item-specific processing and, in the presence of a cue, cue-target processing as well (e.g., Hirshman & Bjork, 1988 ; R. R. Hunt & McDaniel, 1993; Steffens & Erdfelder, 1998) . The latter (cue-target) processing is not relevant in the absence of a cue. The additional processing of the cue-target relation may produce greater disruption of intertarget processing than when the target item is presented without a cue word. More speculatively, the presence of the cue word may also induce greater postresponse checking to ensure the validity of the response, which may serve as a source of enhanced item-specific as well as cue-target processing relative to generation without cue words.
